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I. INTRODUCTION

The Semiscale test program Is designed to provide coupled thermal-
hydraulic effects data from a scaled Pressurized Water Reactor (PWR).1 The
volumetric ~caling is approximately 1:3000. The data are used to assess the
ability of computer codes to predict the Loss-of-Coolant Accident (LOCA) re-
sponse of a PWR.

The Transient Reactor Ana?ysis Code (TRAC) comput r program is a state-
of-the-art, best-estimate code developed at Los Alamos. 5 Although the code
was designed primarily for the analysis of large-break LOCAS, it can be applied
directly to a wide variety of analyses, including the Small-Break Experiment
(SBE) described here. Con!p~risons are given in this paper of TRAC predictions
vs preliminary data obtained from the Semiscale test designated S-O7-1OD.
This test simulates a 10 per cent communicative cold-leg break with dela,y~d
Emergency Core Coolant (ECC) injection and hlowriown of the broben--loop stc,m-
generator srconddry.

Two sets of calcula!.inns W[!t-rperforn~!d.

10 Pret~\t, calculatinfls with TRAC-PIA th~t inrurpur,~tl!dmf’(]r.ll?~:~lINI

I.i; ll con(l it ion!,,* .311(I

?. Posttr’,t ~,!lclil.]tion$ wit~l lRA(:-PIJ;’th;lt il~~f),”~)i)!’,~t,~(l111(1,1’,IJIII(I itli
tidl C()!lilitll)l]’l dti(] ImI(ISIIrIId tt.,lll~i(~flt lJouIltldt-y(;of](lltior)’l.

II. M[)l)F.I. [)LS(:RIPI IOF{

A. Phy%lCiil Modl’1- ,- .. . - - -— .

Th(’ S~lmi:,~,,lll’Mf)[i3 mIvltIli~,\t\l)wrlIll I 111. 1 . Ih(’ ill!(l(.lI(MJIJwiIL. 1111
r, igflfld to r~!pl’o:,tlnt ttif”(ut (If t,tIII f 0111” I(M)PI,III) IVII(IIIY dI.Ilt)f lill~~tl wilt) d I)WI!,

PI, t, MO(IIII.......



TABLE I

SYSTEM MODEL COMPONENTS

Component
Number

;
3
4
5

6
7
Y

1:

il
li’
13

71
??

2J
;)fl
;)!,
;)(1
;)/41

2/!
4(1
!)1
!};’
!)J

‘)()

Component
Type

TEE
STGEN
PIPE
PUMP
TEE

PRIZER
FILL
VALVF
BREAK
TEE

VALVI;
A(:LUM
F ILL

I’IPL
5TG~N

[Jlf}[

plllill)

111
1111
P1l’[.

I{li[. At,
I!lil A};
1’11’1
p]pl
[)IIJI

VI :1’JI I

Intact-
Intact-
Int~ct-

Description

00P hot leg
oop steam generator
oop pump suction

Intact-loop pump
Intact-loop cold l~g

Pressurizer
lnt.act-loup steam-generator teedw~ter
Irltact-

lrltdct-
[ntdct-

lr)t,lct-
lntact-
lntactfl.
(111(1I.ow

Broh(!rl.

l!l”r)k(’fl

[It’(lb{’tl

I; I ohl’11

l!!”OA(’rl

I!t’nh.l’fl
I! I’(IAIIII

oop steclm-generator st~am I int’

nop steam-generator hdc.k pr~ssu)’t’

oup ECC illjt~ctil.~r} lirl(’

1)01) dccullll~ldt.o). vdlve
Oop Jcculllul.ltl)r
rIop I+igh l)t.t~’lsur!! lnj(~(.t i(lll Sy’ltt’m
f’1.t’5\(Jl.t’ IIljl’(. t iofl :I,y!, tl’111

oop t)ot It’(j
i)op St!?(lrll lp~:lt)t”(lt 01”

()(lp p(mlp (,11(:1 i[)ll
(M)p plllllf)
I)f)p ( I)ld 11’g

mIp ~ll,’[lm qtlrlf’td!1~1 ~lll,llw.ltlll’

[)op I,t$,,llll ql,fllli ,\lol l,t,l, ]l?l I 1!1,,

Cel 1s

5

1
,)

i?;1. 1

.!, ,

‘1]1,

I
I
{
{
,i



Figure 3 show< the vessel nodalization. The following Semiscale compon-
ents are reprf .td by the vessel: the inlet annulus, the downcomer, the
upper and lowe plenums, the core, and the upper head. l“hevessel was modeled
with two radial rings, two theta segmnts, and 19 vertical levels. The core
was located in ring 1, levels 4 through 12. The high- and low-powered rods in
Semiscale were mdeled as hot rods in each of the two core channels with
correct peaking factors specified. Reflood fine-mesh noding (7.62 cm intervai)
in the core was tripped at the beginning of accumulator injection. Re-entrant
pipe components 51, 52, and 53 represented the inlet annulus-to-upper head
bypass, the core support tube simulators, and the guide tube simulator,
respectively.

c. TRAC Posttest Model

The posttest input was basically the same as that for the pretest model.
The broken-loop steam-generator steam line (component 27) was removed from the
pretest model, and m’~sut-ed pressure was specified at break componerlt ;![1tn
better simultite the blowdown transient. Several minor changes wer~ mark t(.)
the pretest mdel, the most significant being the addition of frictiol~ to tl](”
core and downcomer. Table II gives ~ brief surrrn~ryof these change~.

Ill. ST[ADY STATL CAI.CULATIO!IS

Iv. ll{ANfllNl [{1S111l!)
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TABLE II

CHANGES MADE BETWEEN THE PRETEST AND POSTTEST TRAC SEMISCALE MODELS

The pretest model was run with TRAC-PIA. Ttleposttest model used
TRAc-PD2*a

The axial nodal ization in the heater rods was modified to conform to
differing input requirements between the two TRAC versions and to match
the locations of computed temperatures with the thermocouple locations.

Additive loss coefficients simulating friction were added to the core
and downcwner. These were based on pressure drop measurements from the
Semiscale :aseline test series.1

Small changes were made in the vessel radius to match closely th~
as-built volume.

The additive loss coefficient. in the piDe leading to the break was
increased by one-third to reduce break flow.

The material properties for the steam generator tuh~s were ch,]nged Ln

correspond with lnconel 600 alloy rather thm Inconel 71fl.

Changes to tho uncertain flow resistanc~ in the hrokpn-loop st~~m Iir’w



TABLE 111

SEMISCALETEST S-O7-1OD INITIAL CONDITIONS

Parameter

Nominal System Pressure (MPa)

Intact-Loop Fluid Temperatures
Hot leg
Cold leg

Broken-Loop Fluid Temperatures
Hot leg
CfIlrJleg

Flow Rate (kg/s)
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P1’vs~uri/~!rliqllidMtis+ (kq)

lnt~(t-Lu[lp )lCC. LIIIIIJl,Il.r)I”
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Core Cooling System (ECCS) injection was delayed until elevated cladding tem-
peratures occurred in the core. The Low Pressure Injection System (LPIS)
injection was initiated at the same time, but significant LPIS flow did not
begin until approximately 100 s after the ECCS injection and after the core
had quenched.

Table IV lists measured and calculated times for occurrence of significant
events during the transient. In Figs. 4-18, the solid line is the posttest
calculation; the test results and the pretest calculations are dotted lines
with circle and triangle synbols as indicated.

Figure 4 shows the upper plenum pressure. The pressure at saturation is
overpredicted and the changes in slope of the calculated pressure transient
after saturation (30 to 400 s) are not matched by the data. The overprediction
is related to the higher than measured hot-leg temperatures (Table III), but
the changes in slope cannot be explained. All of the five calculative methods
used to simulate this test showed this same general tendency in slope of the
upper plenum pressure, antinon~ matched tileslope of the measurement in this
time interval.9 The pressure increase about halfway througtl the transient
corresponds to the beginning of core quench. Note that the posttest results
are between the pretest and the test results. A one-third greater loss coef-
ficient in the side tube of the tee adjacent to the break and the inclusion of
friction in the core and downcomer contributed to the 40 s delay in the pust-
test oressure rise compared to the pretest case. The ECCS injection was
triggerea on pressure, 1,45 MP~ for pretest and 1.6 MPa for posttest. The
delay would have been even greater if the trip had occurred at 1.6 MPa in the
pretest calculation. -

Figure 5 shows the accumu’
accumulator flow was initiated
compared to the posttest calcu’
at 407 s. As system pressure
flc~ ceased. witr] a second p~r
m~t~?ly 100 s for the test data

ator volume flow. In the pretest calculation,
by a 1.4S 14P~ systm pressure trip at 3b[ls
ation, which was initiatf’d by a trip ~t.1..5MP~
ncreased with cor[’qu~l~ching, the accllm!llatot
od of flow aruufld 500 s. An offset of approxi-
correspond~ to tht”prpssure del~y of Fig. 4,



TABLE IV

SEQUENCE OF EVENTS FCII

Event

Initiate transient by opening break

12.41 MPa pressurizer pressure trip to
initiate core power decay, pump coast-
down and steam generator isolation

Broken-loop steam-generator feedwater
at zero flow

Intact-loop steam-generator ste(lm line
valve closes

Pressurizer empties

Pumps stop

Core dryout occurs and cladding
temperature starts to increase

Core voideda

HPIS and accumulator inj~ction ht?gin

Cladding temperdturus turr~over

Lore quenchecl

Sigflific~nt LPIS injection begins

SEMISCALE TEST S-O7-1OD

Time (s)
Test Pretest Posttest

O.O 0.00.0

6.8 6.3 6.7

1(J 9.3 9.5

21 20 23

20 20 20

79 75.3 77

268 172 210

435 330 41?

4S!J 36[; 407

46[1 377 41!i

525 441 5(Jo

560 46[; so/

6Voidillg is based on the c,]lculated liquid volumu f-action ,311(It!lcmv,l<ur~qd
-..--..-.—--.-.,—-..

differential pressures, dvl]sities, iindveloziti(~s.b }(IVth(!posttt?st
andlysis, the core is riotcomplet~?ly voidud, Ilut the m in imunl I i qu id vo I IJIIKI

fractior]uf 0,13 is reached befor(+ ECC inject lofl(Iiq, 14).



have improved the agreement. The make-up flow was not left on during the
transient for the S-O7-1OB test, and the measured density in the broken-loop
cold leg was lower than was measured in the S–O7-1OD test. This a;parent in-
consistency indicates that the density was affected by other (unknown) param-
eters more str~ngly than by the make-up flow. The density on the vessel side
of the break (Fig. 8) shows a somewhat opposite effect, with a higher density
consistently calculated after about 50 s until 200 s where the curves converge.
Figure 9 shows a calculated flow reversal in the broken-loop primary piping
between the vessel and the break at about 40 s in the posttest calculation and
at 70 s in the pretest calculation, until about 180 s when both flows became
approximately zero.

Conditions at the broken-loop steam generator are shown in Figs. 10
and 11, The steam dome pressure was specified for the steady-state and tran-
sient posttest calculation, but was calculated for the pt-etest. T!ie poor match

shown in Fig. 10 for the pretest calculation may be caused by lack of informa-
tion about the steam-line geomtry and the unknown quality of steam leaving
the secondary. The effect of this is readi;y seen in Fig. 11 where the post-
test calculated primary fluid exit temperatures are close +,0the test values,
but the pretest calculations diverge from them. As the tubes voided, the heat
transfer from the primary to the secondary decreased and the secondary side
became a heat source by 190 s.

The remaining figures depict vessel behavior. The downcomer liquid volume
fraction (Fig. 12) shows the downcomer slowly emptying until the accumulator
and High Pressure Injection System (HPIS) flow began, when it filled rapidly.
As the core began to quench, liquid was forced out of the downcomer by flow
oscillations. The differences between prt’test and posttest calculations were
caused by (1) friction added to the posttest model and (2) a lower pressure
trip for the pretest model. The liquid temperature (Fig. 13) followed the
saturation temperature until the downcomer was filled with subcooled water.
Heat transfer from the walls and flow from the core subsequent.’; c~used a slow
warming of tht? liquid. The second period of accumulator injection dround 500 s
was followed by a second warminfl trend,

The core liquid volume fractiorl ~nd the!upper pl~num Iiquld volumv trac-
tion (Figs. 14 and 15) show the same slow emptying and rapid refill that typi--
fieclthe downcomer. lhe start of oscill~tions in the postt.r?stc~lculat ions
coincide with the start of significant LPIS injection ot 507 s, and tile S-s
period calculated by TRAC corresponds to the exp~cted period for mdnometer
oscillation with the liquid length extending from tl~(~cold leg inl~t in th~
downcorner to th~ vessel upper plenum. The oscill(~tions also show up in thr
core inlet mass flow rate (Fig. 16), with flow r~vvrsals occurring ds the
liquid sloshes back and forth. The core inlet mijss flow follows the t~st data
reasonahl,y well except that th(!mt’~sured flow is slightly greater i]ft(+l’100 s.
Oscillations in the measured flow dr(’pr~?sent, hut witl] Iowet-an]plitu(J[~than
calculat~d.

‘[h~posttest high--power-rod cladding t~mpcrature at several levels is
$hown in Fly. 17. IJoth the low- and high--power rolls illustrate the early
rt!sponse [~rlclhigher twrp~ratur~< achi~ved ncnr ttl{’midplanc whore power gen~r.-
dtiot) is grcatesto Cladding t~~iperciturf’sturned ovur at .377s for ttw pr~~t~st



calculation, 415 s for the posttest calculation, and 468 s for the test. The
peak cladding temperti~ures for pretest, test, and pos.ttest were 1249, 1145,
and 1195 K, respectively, in the high-pcwer rods. The timing for the peak
cladding temperature is highly dependent on the time of ECC injection.

Figure 18 illustrates a “typical” cladding temperature vs time profile
for the high-power rod. The core elevation was not precisely the same for
pretest, posttest, and test results; however, it can be seen that the posttest
results are intermediate in time, indicating a strong dependence on the de-
pressurization rate.

v. CONCLUSIONS

The posttest calculation values were generally between those obtained
from pretest calculations and test data. The calculated results appear to be
conservative; that is, higher clad temperatures are calculated that are the
result of faster depressurization. The results are strongly dependent on re-
pressurization rate imd, hence, on break flow. The TRAC-PD2 program appears
capable of predicting mass distribution and system behavior re~sonably well.
We feel, however, that the comparison of calculated and test results would
have been closer if a critical flow model had been available far the small
break.
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